Thermally triggered metal binding by recombinant Thermus thermophilus manganese superoxide dismutase, expressed as the apo-enzyme.
Manganese superoxide dismutase from the extremely thermophilic eubacterium Thermus thermophilus has been cloned and expressed at high levels in a mesophilic host (Escherichia coli) as a soluble tetrameric protein mainly present as the metal-free apo-enzyme. Incubation of the purified apo-enzyme with manganese salts at ambient temperature did not restore superoxide dismutase activity, but reactivation could be achieved by heating the protein with Mn(II) at higher temperatures, approaching the physiological growth temperature for T. thermophilus. Heat annealing followed by incubation with manganese at lower temperature fails to reactivate the enzyme, demonstrating that a simple misfolding of the protein is not responsible for the observed behavior. The in vitro metal uptake is nonspecific, and manganese, iron, and vanadium all bind, but only manganese restores catalytic activity. Bound metal ions do not exchange during heat treatment, indicating that the formation of the metal complex is effectively irreversible under these conditions. The metallation process is strongly temperature-dependent, suggesting that substantial activation barriers to metal uptake at ambient temperature are overcome by a thermal transition in the apo-protein structure. A mechanism for SOD metallation is proposed, focusing on interactions at the domain interface.